In view of the inconsistency on the definition and key components of supply chain quality management (SCQM), this study is conducted to make up the deficiency. The research team collected the data using semi-structural interviews of four supply chains from food, toy, automobile and pharmaceutical industries in China. Based on within-and cross-case analysis, six key components of SCQM (supply chain leadership on quality, internal quality integration, strategic supply chain design for quality, upstream quality management system, downstream quality management system and product recall system) were identified. Finally, a definition and its holistic framework of SCQM were proposed. Compared with the existing research, the components identified in this study were more comprehensive, and it can facilitate the operationalisation of the construct and help to develop a high quality measurement scale. Practically, the SCQM framework proposed in this study will provide guidelines for the managers to build up an effective SCQM system. Keywords: case study; supply chain quality management; SCQM; framework of supply chain quality management; product recalls; China. Building supply chain quality management theory from case study in China 5 areas are supply chain management, quality management, operations management and complex network. In the past few years, she has finished several research projects on supply chain management and quality management and published papers on those topics.
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Introduction
Since the 1970s, even though some studies have confirmed the effectiveness of quality management (QM) on quality performance (Forza and Filippini, 1998) , innovativeness (Kim et al., 2012) , and financial performance (Sadikoglu and Zehir, 2010) , other studies did not find any significant relationship between QM practices and performance (Adam, 1994; Forker et al., 1997) . The conflicting results were found because traditional QM only focuses on the internal organisation and lacks a system view of the supply chain network (Zu and Kaynak, 2012) . Moreover, the source of quality problems has exceeded the scope of an organisation. As stated by Tse and Tan (2011) , "the threat of quality risk could be from raw materials, manufacturing processes, or logistics operations in any tier of the supply network". Therefore, the traditional QM is not enough to prevent quality problem.
In view of the ineffectiveness of the traditional QM theory, some scholars advocated extension from the traditional firm-centric QM philosophy to the supply-chain-based SCQM philosophy that is SCQM (Foster, 2008; Robinson and Malhotra, 2005) . In the literature, we can find some work has been done to further the understanding of SCQM by defining SCQM and identifying the key components of SCQM. However, different researchers have different opinions on what is SCQM and what are the components.
The inconsistency limited contributions of research in this area, made the empirical results not comparable and hindered the development of the theory. Therefore, a comprehensive and thorough study is badly needed to investigate what is SCQM and what composes SCQM. This paper was structured as follow: a comprehensive literature reviewed was conducted in Section 2, in Section 3, we described the research methodology employed to collecting data from the four supply chains; and then, within-case and cross-case analysis results were presented in Sections 4 and 5, where we identified the key components of SCQM; in Section 6, the definition of SCQM and a holistic framework of SCQM were proposed; finally, Section 7 were the conclusions and discussions.
Literature review
Before SCQM was proposed, QM and SCM were treated as separate entities, because of the different focus: QM focused on quality performance improvement, while SCM emphasised on reducing cost (Vanichchinchai and Igel, 2009 ) by synchronising decisions and activities of all the partners throughout the supply chain (Li, 2007) .
However, despite the differences between QM and SCM, they share many similarities (Vanichchinchai and Igel, 2009 ), such as ultimate goal (customer satisfaction) and ultimate integration (from internal functions to external business partners). Moreover, in view of the limitations of traditional QM philosophy, which focused on individual firm, SCQM was proposed as a new QM philosophy. Table 1 Summary of the literature on SCQM
Authors

SCQM components Methodology Findings
Robinson and Malhotra
Communications and partnership activities.
Literature review and case study
Propose the definition of SCQM and identify the themes that related SCQM. Process integration and management, management and leadership strategy, best practices.
Foster (2008)
Customer focus, quality practices.
Literature review
Propose the definition of SCQM and its common themes.
Supplier relations, leadership, HR practices business results, safety. Zhang et al. (2011) Supply chain coordination, reliability assurance, technology application, risk management.
Conceptually propose that supply chain co-ordination, technology application, risk management, and reliability assurance are importance measures for continuous supply chain quality improvement. Soltani et al. (2011) Upstream cooperation Case study Inter-firm relations in terms of upstream cooperation and downstream cooperation are keys to success in competition. 
Design for six sigma, international standards.
Case study A systemic framework was proposed to ensure supply chain quality.
Supply chain management, global leadership.
Human resource management. Identified two pathways to achieve high supply chain quality: a compliance approach and a voluntary approach.
Supplier quality audit programs.
Motivation in a supply chain quality system.
Studies focusing on what are SCQM and its components were conceptual and case studies. Table 1 summarised eight papers related to this field. These studies strived to provide more understanding of the definition of SCQM in the exploration nature and tried to propose various framework of SCQM with critical elements. For instance, through a broad literature review, Robinson and Malhotra (2005) proposed the concept of SCQM and offered a formal definition: SCQM is "the formal coordination and integration of business processes involving all partner organisations in the supply channel to measure, analyse and continually improve products, services, and processes in order to create value and achieve satisfaction of intermediate and final customers in the marketplace". Foster (2008) defined SCQM as "a systems-based approach to performance improvement that leverages opportunities created by upstream and downstream linkages with suppliers and customers". In spite of their different expressions, both definitions view the existence of SCQM with its QM focus and extend it from the individual firm to the entire supply chain.
However, the key components of SCQM identified by researchers varied a lot. For example, while Foster (2008) suggested that customer focus, quality practices, supplier relations, leadership, HR practices, business results and safety as potential components of SCQM, Robinson and Malhotra (2005) considered externally focused process integration, management and strategy, communication and partnership, supply chain quality leadership, quality and supply chain practices as its elements. Xu (2011) argued that information architecture was the enabler of supply chain quality control.
Research methodology
Because of the immature development of the SCQM theory, in-depth case study is conducted, because it can explore the phenomena in the 'natural' setting and gain richer insights by observing actual practices in context and suited for the empirical development of testable theories.
A research team was formed to conduct the interviews, which included one professor from Hong Kong who leads the entire research team, two professors from Mainland China responsible for the connection with the companies, one professor in the QM area from the USA, and PhD students from Hong Kong and Mainland China.
Since the research topic was supply chain oriented, we conducted the case study in supply chain level. The supply chains were selected strategically. Firstly, we selected four industries (food, toy, automobile and pharmaceutical) as our target industries, because these industries are experiencing more frequent quality problems and have attracted much attention. Food quality has become a hot topic in China after the Sanlu recall case in 2008. Toy industry also has a high rate of recalls. For example, Chinese-made toys made 90% of toys sold in the USA market and about 80% recalls (Bapuji et al., 2007) . For the automobile industry, based on the record of the automobile recall in China, 13.8 recalls were issued on average in the Chinese market in each month of 2016. In the pharmaceutical industry, China experienced fewer recalls than the USA. However, after the tainted vaccine event, consumers had paid more attention to this industry.
Secondly, we selected one supply chain from each industry. To ensure the representativeness, we strategically selected the supply chain with variations in some dimension, such as value of product, industry quality pressure, government regulation intensity, etc. (Table 2) . The data sources for this study included semi-structured interviews, documents, and observation data. Each type of data strengthened the analysis by allowing triangulation on important issues.
Within-case analysis
For each supply chain, we will provide the background information, explain the supply chain structure, describe the major quality problems in the supply chain and address how they solve these problems by employing SCQM system.
Case 1: automobile supply chain
The structure of the automobile supply chain is shown in Figure 1 . The focal manufacturer of the automobile supply chain is a joint-venture automobile assembler, and it has multiple tiers of suppliers. From the first tier suppliers, the assembler sources exhaust pipes, horns, brakes, etc. and the first tier suppliers procure raw material or components from their suppliers, which are so called the second tier suppliers. After inspections, the components can go to assembly line. Once assembled, all the new cars should go through 13 tests, including leakproofness test, engine test, usability test, emissions test, etc. Finally, the cars will go to the 4S stores directly for the final sale. Based on the statistics in the past few years, quality problems of the automobile came from three major sources -the suppliers, the internal production process and downstream partners (4S stores) and each of the three sources contributed about 1/3 of all the quality problems.
In the supply chain, the assembler is the leader and strives to implement the ideology of 'quality first' and force other partners in supply chain to follow. To provide a high quality product for consumers, quality department of the assembler plays a unique and important role in the supply chain. The quality department gets involved into a large range of activities in the supply chain. For example, in supplier selection, the quality department of the assembler will qualify each potential supplier based on the quality criteria and it has the power to veto any candidate suppliers, if they cannot meet the quality standards. As for the downstream activities, the quality department offers the 4S stores technical supports and trainings. In addition, the quality department monitors consumers' feedback or complaints about quality from multiple channels. In 2010, the assembler decided to recall over 18,000 cars, when it learned about the quality problem from an internet forum. Once the recall is issued, the quality department will take charge of the recall process, identify the source of the problem and work with all the related parties to solve the problem.
Thanks to the effective SCQM system, the product of this supply chain has established its reputation and image of high quality and has been awarded of 'top family vehicle' and 'top safety vehicle' in China.
Case 2: pharmaceutical supply chain
The supply chain structure is shown in Figure 2 . The focal manufacturer of the supply chain produces Chinese traditional patent medicine. The major ingredient of the manufacturer's product is honeysuckle. Honeysuckle is planted by farmers. In the picking season, local collectors will go to farms to collect honeysuckle, and then sell it to direct suppliers of the manufacturer. After the inspection, the manufacturer will purchase the honeysuckle from its direct suppliers. Since the harvest of honeysuckle is seasonal, the manufacturer will purchase as much as possible in the picking season and store it for the production of the whole year. The manufacturer also purchases other raw materials, such as additives and packing materials, from their suppliers. When the products come out of the production line, they will go to the distribution channels. For different products, the manufacturer will use different distribution channels. For the general product, it will use existing large distributors, through which the product will be distributed to retailers, hospitals or pharmacies. For the newly developed product, the manufacturer will select new promoters or agents, which are different from the general products. Then the new products will be distributed to the target markets by these agents or promoters. The manufacturer views quality as vital for survival and has done some work in SCQM. However, it has little control on the quality of honeysuckle, especially in the year of bad harvest, since the yield of honeysuckle highly depends on weather and it is a seller's market. To change the situation, the manufacturer had decided to build farms by itself.
Moreover, State Food and Drug Administration (SFDA) plays an important role in supply chain quality control in this industry by increasing the tracking and traceability of the supply chain. To increase transparency of the supply chain, SFDA developed an information system (National Drug Administration System) to track the pharmaceutical products and the raw materials in the industry. All the supply chain partners should get the authority to access the system and scan the bar code of each smallest unit of the product whenever there is a movement. Therefore, if the drug has any quality problems, the manufacturer can easily trace the source of the problem and track the flow of drugs.
Moreover, each drug, before production, should be registered at SFDA about the ingredients and where these ingredients/raw materials will be sourced. Whenever the manufacturer needs to change the supplier, it has to register the new supplier. For the downstream partners, all the distributors or retailers should obtain a certification named as good supply practice (GSP); otherwise, they will not be qualified. For the manufacturing process, there is a required certificate for the manufacturer-good manufacturing practice (GMP). In addition, the SFDA will assign an on-site government representative for each manufacturer to monitor the production and quality control process.
Owing to these SCQM practices, the manufacturer can control and improve quality effectively.
Case 3: food supply chain
Figure 3 presents the supply chain structure of the food supply chain. The focal manufacturer is a dairy manufacturer. The major raw material for the manufacturer is milk. Usually, the milk comes from three sources-self-operated farm, contracted-out farm and breeding village. Near farms, there are raw milk stations. After milking, the farmers or farm hands send the milk to the nearest milk station, where some preliminary tests are conducted for quality control. If the raw milk passes the tests, it will be sent to the plants for production. In the production process, the milk will go through a series of processes, such as sterilisation, fermentation, packaging, etc. Finally, the products will be sent to the retailers (super market, retail stores, refectories, etc.). In the market, if the final consumers find any quality problems, they can complain to the quality department of the manufacturer directly, who will analyse these complaints to identify potential quality problems.
Three types of quality problems are the manufacturer's concern. The first one is the quality of the raw milk, which is also the most serious. Too many factors -water and forage that cows have, weather, living environment of cows, drugs that cows take, etc. -can influence the quality of raw milk. The second one is the quality assurance practice of retailers. Usually, when the representatives of the manufacturer conducted secret on-site audits, they always saw the retailer treating their product inappropriately. For example, the supermarket put the milk in the normal temperature environment, while it requires cold storage. The last one is the quality control in the production process, which is not as extensive as the other two types of quality problems.
To solve these problems, the manufacturer tried to change the supply chain structure and got involved in more supply chain roles. For example, building and managing farms by itself, reducing the percentage of external sources, especially the source from individual farmers, because technical limitations made it difficult for individual farmers to produce high quality milk. Since 2004, the manufacturer has stopped collecting raw milk from individual farmers. Now 87% of the raw milk comes from the self-operated farms, 10% from contracted-out farms and 3% from breeding village. For downstream quality assurance, as a solution, the manufacturer prefers to select the retailer who has a large-scale of cold storage equipment. After years of efforts, the manufacturer was awarded of 'Food safety top ten enterprises in China' and 'food safety the most social responsible enterprises in China'.
Case 4: toy supply chain
The toy supply chain is much more complicated than the other three supply chains ( Figure 4 ). The Chinese manufacturer is an export-oriented OEM toy company. The USA toy company is the brand owner and responsible for developing product concept, function, mould and packaging design, while the manufacturer's R&D department develops the electronic component. After the brand owner produces the mould, the Chinese manufacturer is responsible for testing and fine-tuning. Before production, the Chinese factory selects its supplier of raw materials and components. Currently, it has around 150 suppliers supporting its operations. After production, the third party organisations, such as Intertek and Huace/SGS will get involved for testing. The products passing the test will be imported by the USA importer and sold in the market through distributors and retailers. The major problem faced by this toy supply chain is supply quality. To solve the problem, the manufacturer strives to establish a good relationship with its local raw materials and components suppliers. Moreover, the manufacturer implements category management on its raw materials and components. According to the availability from the market and importance for final product quality, the manufacturer classifies its raw materials into A, B and C classes. For each class, they follow different rules and criteria for inspections. To cooperate with the manufacturer, the suppliers also adopt this management system. In addition, after Mattel's large-scale recall due to lead content, the manufacturer implemented traceability of paints from supplier qualification, heavy metals testing results, storage, to usage in the production process, and even the source of the suppliers' raw materials.
Due to the effective SCQM system, the toy manufacturer gained 'exemption from export inspection', 'China famous trademark' and 'China famous brand' honorary titles in the toy industry.
Cross-case analysis
To identify the key components of SCQM, cross-case analysis is done through iterative categorisation and pattern matching (Miles et al., 2014) , so that after this process, we can change case-based evidences to dimension-based ones and eliminate those that are highly company specific (Vlachos, 2011) .
Supply chain leadership on quality
Supply chain leadership is defined as the ability of one organisation in a supply chain to exert influence over other member organisations in order to increase supply chain followers' compliance with and commitment to the leader's vision for the entire supply chain (Sinha and Kohnke, 2009) . Usually, an organisation will be identified as the supply chain leader based on the resources or power possessed by the organisation (Richey et al., 2004) . Supply chain leadership on quality refers to the extent of importance that the supply chain leader attached to quality. The existence of supply chain leader is very important for the success of the supply chain, since the supply chain leader can avoid chaos among the member organisations (Lambert et al., 1998) and is the driving force behind supply chain decisions (Sinha and Kohnke, 2009) . Table 3 listed the summary of cross-case analysis results on supply chain leadership on quality.
From our observations of the four supply chains, we found that there was a supply chain leader in each supply chain, and it can be different players of the supply chain, such as the manufacturer, the supplier or the customers. In the automobile and the food supply chain, the manufacturers are the supply chain leader, while in the pharmaceutical supply chain, the supplier has more influence on the product quality. However, in the toy supply chain, the brand owner (the downstream customer of the manufacturer) is the supply chain leader, since in the toy industry most of the quality problems are due to the design. Therefore, the brand owner who conducts R&D and product design determines the quality of toys. Meanwhile, the brand owner specifies the quality standards for supply and production quality. That is, the brand owner can control the quality from product design to final sale.
In addition, different leaders impose different extent of importance on quality. For example, in the pharmaceutical supply chain, due to the seller's market of honeysuckle and the technology limitations, the farmers do not invest much to improve quality. However, in the other three supply chains, the supply chain leaders attach much importance to quality, and try to promote it throughout the supply chain. Table 3 Cross-case analysis on supply chain leadership on quality
• The manufacturer is the leader of the supply chain.
• The automobile assembler is the leader of the supply chain and promotes the 'quality first' value throughout the SC.
• The brand owner is the supply chain leader, since they design the product and specify the quality criterion for production and the final product.
Supply chain leadership on quality • The horn supplier said that 'we want to become the SC leader and increase the influence on my suppliers to improve my quality'. • The manufacture is responsible for the whole product, but due to the characteristics of the raw materials, the manufacturer has little control on the honeysuckle supplier.
• The manufacturer promotes higher quality standard than competitors, such as the content limitation of antibiotic, and force farms and farmers to comply.
• The brand owner raised the requirement of lead content in the toy to protect the health of children, and forces the manufacturer and the corresponding suppliers to follow.
Table 4
Cross-case analysis on internal quality integration
SCQM components
Automobile Pharmaceutical Food Toy
• All the departments work together in supplier selection process.
• The quality control department of the manufacturer only focuses on the production and warehousing.
• Several departments of the assembler including quality, logistic and marketing, work together to solve quality problems and the consequent recalls.
Internal quality integration • The quality department of the assembler gets involved in all the activities throughout the supply chain, such as supplier selection, internal production control, product recall, etc.
• Quality department of the manufacturer gets involved in product design process.
• Phthalate Esters is a chemical, which is dangerous to health but widely used in various industries. The manufacturer involved more and more people and processes to prevent the usage of Phthalate Esters by testing, inspection and stringent supplier selection.
Finally, the importance of supply chain leadership on supply chain quality control is confirmed by our observation. One of the players in the automobile supply chain definitely expressed its willingness to strengthen its supply chain leadership to better control quality in the supply chain, especially the supply quality.
Internal quality integration
Internal quality integration in this dissertation refers to the efforts of an organisation made to facilitate the quality improvement in the supply chain by integrating its departments or processes internally. This practice is very important for improving supply chain quality. For instance, Jurison (1998) found that quality oriented companies preferred integrating their process using IT applications. By comparing the observations across the four supply chains in Table 4 , we found that focal manufacturers prefer cross-functional collaboration in quality assurance practices. For instance, the automobile assembler requires multiple departments to work together to select its suppliers, solve quality problems and handle the consequent recalls.
In addition, quality department plays a very important role in implementing SCQM system. We observed that the responsibility of the quality department in automobile and pharmaceutical supply chain has been extended to multiple activities in the supply chain rather than only focusing on the internal production process. Especially, quality department of the automobile assembler gets involved in almost all the activities related to the supply chain quality control, such as selecting suppliers, incoming inspection, product recalls, production, etc. With this practice, the quality department has a systematic and global control on the supply chain.
Strategic supply chain design for quality
Supply chain design is defined as "the process of planning a supply chain in order to guarantee a smooth and efficient supply chain planning and execution as to meet the targets set by supply chain management in terms of cost, time, quality, and service aspects" (Freiwald, 2005) . With supply chain design, a company targets three tasks: specifying the basic structure of the production and logistic network, defining the processes along the supply chain, and configuring the relations among the partners (Fine, 2000; Freiwald, 2005) . The aim of conventional supply chain design is to maximise profit by balancing service level and costs, such as transportation cost, inventory cost, ordering cost, etc. However, supply chain design with quality considerations differs from the conventional supply chain design, because different goals will lead to different decisions. Table 5 listed the summary of cross-case analysis results. From our observations, we found that there are several types of supply chain design decisions that should consider quality issues, such as the location of the supply chain partners (toy and automobile), number of supply chain partners to work with (automobile), number of supply chain tiers to manage (automobile), and the roles played in the supply chain (pharmaceutical, automobile and food). Especially, to increase the capability on quality control, all the focal manufacturers of these three supply chains try to extend their roles in the supply chain by building upstream or downstream facilities. Table 5 Cross-case analysis on strategic supply chain design for quality • Quality of the drug is mainly determined by the supply quality. To increase the quality control over the honeysuckle, the manufacturer gets involved more supply chain roles, that is, building farms and planting honeysuckle itself.
• To ensure quality, the assembler manage two tiers of supplierboth its supplier and its supplier's supplier.
• The assembler selects supplier's supplier, or the suppliers selected by the supplier itself should be approved by the assembler.
• The quality of the key components related to safety is jointly controlled by the supplier and assembler. In some case, all is controlled by the assembler.
Strategic supply chain design for quality • The assembler built up their own 4S stores to ensure service quality for customers.
• The manufacturer tries to form strategic alliance with suppliers to reduce the supply quality risk.
• To ensure the quality of raw milk, the manufacturer built more self-owned large-scale farms to reduce the percentage of raw milk collected from individual farmers.
• The manufacturer is located in a famous toy and craft industrial base, and most of its suppliers are located in the same base. Therefore, it facilitates their communications on various issues.
Table 6
Cross-case analysis on upstream quality management system
SCQM components Automobile Pharmaceutical
Food
Toy
• Quality is the most important reason that the assembler selects brake disc supplier.
• The manufacturer only selects the manufacturing supplier with GMP certificate.
• In addition, on-site visit is conducted before placing order.
• The assembler maintains a long-relationship with two suppliers for each of the components.
• The manufacturer selects the supplier who has the same quality value with them.
• The assembler emphasises the capability of suppliers (e.g., R&D), when selecting them.
Supplier selection • The assembler selects suppliers based on supplier's qualification and management system. • When selecting suppliers, the most important criterions are the supplier's qualification, production environment, and quality control process.
• The manufacturer strives to collect raw milk from largescale farms rather than from individual farmers.
• The manufacturer tries to maintain a long-term relationship with its suppliers and now it has formed a stable supply base.
• The manufacturer uses 'one hundred points management system to evaluate farms.
Supplier evaluation • Every month, the assembler conducts on-site visit to evaluate its suppliers, and communicate with them about the quality issues.
• The manufacturer will evaluate the suppliers based on their supply quality performance.
• The manufacturer conduct on-site audit on the farms regularly.
• The assembler will do on-site instruction for the production process of their suppliers.
• The manufacturer guides suppliers to improve their material usages and production processes.
Supplier development • The horn supplier would like to development some suppliers to improve the supply quality.
• The manufacturer provides the farmer knowledge about how to plant honeysuckle scientifically and avoid the influence of nature.
• Provide technical supports for farms, such as fertilisation techniques.
• The manufacturer provides trainings for its suppliers on ABC categorisation management method, so that the suppliers can change their management process to match with the manufacturer's.
• The assembler cooperates with its suppliers in product design; the assembler provides the ideas or blue print, and the supplier helps to develop products accordingly.
• The horn supplier is willing to work with some large suppliers to learn from them.
Upstream quality management system
Learning from supplier • The exhaust system supplier provides the most advanced exhaust system knowledge for the manufacturer.
• Due to the intellectual property issues, the manufacturer does not work with suppliers in new product development process.
A company's output is only as good as its input. Therefore, to ensure quality, upstream quality management should be implemented. Previous studies have identified several important upstream quality management practices. For example, Tan et al. (1998) confirmed the argument that supply management (supplier evaluation and supply base management) could help companies to achieve better performance. Moreover, Shin et al. (2000) found that supply management orientation, which was measured by long-term supplier-buyer relationship, supplier involved product development, quality focus in selecting suppliers and reduced supplier base, significantly improved quality related performance. Lo et al. (2007) concluded that supplier integration, supplier selection and supplier development positively influenced supply quality performance and organisational quality performance. By integrating the results of previous studies and the observations in Table 6 , we found that an effective upstream quality management system is composed of supplier selection, supplier evaluation, supplier development and learning from suppliers.
In supplier selection process, each of the supply chains has its own criteria. The automobile assembler will select its suppliers based on R&D capability. Meanwhile, it also manages its supply base by keeping two suppliers for each component. In the pharmaceutical supply chain, all the suppliers should be granted GMP certificate, and on-site visit is necessary before placing orders with suppliers. For the food manufacturer, it emphasises more on the scale of the farms to serve as its source of raw milk. Moreover, we did find some similar criteria adopted by multiple supply chains, such as the quality management system and qualifications of the suppliers. In addition, the focal firms also want to maintain a long-term relationship with selected suppliers.
Supplier development is also an important upstream quality management practice. Supplier development refers to the focal manufacturer's efforts to improve suppliers' capabilities for the long-term mutual benefit of both parties (Hahn et al., 1990) . As stated by the horn supplier in the automobile supply chain, supplier development can help improve the supply quality, which will in turn improve the quality of its final product. Across these four supply chains, we constantly observed the practices on supplier development, which can be incarnated as providing technical supports (food and pharmaceutical), trainings (pharmaceutical and toy) and on-site instructions (automobile) and management guidance (toy).
In supplier evaluation practices, regular on-site audit and evaluation is observed in both automobile and food supply chain. In addition, the food manufacturer will rate its suppliers based on '100 points' management system. The suppliers getting very low points will be notified for rectification; otherwise, it will be kicked out of the supply base. Furthermore, the pharmaceutical manufacturer explicitly expressed the importance of quality criteria in evaluating its suppliers.
Many previous studies have confirmed the importance of collaboration with suppliers, especially in product design process, to achieve high quality. However, from our observation, collaboration with supplier is only a method rather than the ultimate goal. The ultimate goal is learning from suppliers, therefore, in this dissertation, we use the term -learning from suppliers. Learning from suppliers can be realised not only by involving suppliers in the production design process, but also by obtaining new knowledge or information from suppliers like what the automobile supply chain is doing. Whereas, even though learning from suppliers is regarded as important to improve supply chain quality, it is not adopted by all supply chains because of some other concerns, such as intellectual property issues in the pharmaceutical supply chain.
Downstream quality management system
Besides the upstream quality management system, downstream quality management system plays a very important role to ensure supply chain quality. However, in the literature, the importance of downstream quality management system has been overlooked except Soltani et al. (2011) and Kabadayi and Lerman (2011) . In the former study, the authors conducted a qualitative study on two supply chains and pointed out that to achieve competitiveness both upstream and downstream cooperation should be implemented simultaneously. In addition, Kabadayi and Lerman (2011) found that manufacturers could minimise the negative effect of recalls, if they use the retailers that consumers trust. Therefore, importance should be attached to downstream quality management practices.
We indeed consistently observed the practices on downstream quality management across the four supply chains and we classified the observations into three categories: customer selection, learning from customer, and customer development as listed in Table 7 .
In previous studies, little has been done with regard to talking about customer selection, because most of the researchers think that only customer can select the manufacturer, rather than in the other direction. However, from observation, two out of four supply chains have customer selection practices. For the pharmaceutical supply chain, the focal manufacturer only uses the distributors who have obtained GSP and drug distribution certificate and it also considers the distribution network and word-of-mouth as important factors when selecting downstream partners. In the food supply chain, when selecting the supermarket to sell the products, the focal manufacturer uses the scale of cold storage equipment as a criterion, because the scale of cold storage equipment determines storage environment and the quality of the product when it reaches the consumers.
In the traditional QM theory, customer involvement or customer focus is an important element for improvement (Flynn et al., 1994) and it advocates that companies should listen to the voice of its customers, build customer relationships, and use customer information (Criteria, 2011 (Criteria, -2012 . However, similar to what we have observed in the upstream QM system, the ultimate goal of involving customers in the process is to learn from them, therefore, we use the term 'learning from customer'. Learning from customer does not only includes involving customer in product design and product development (automobile and food supply chain), but also includes obtaining guidance in production process and information from customers about quality and customer needs (toy supply chain). However, due to the intellectual property issues, the focal manufacturer of the pharmaceutical supply chain does not collaborate with its customers a lot. Table 7 Cross-case analysis on downstream quality management system • Distribution network and word-ofmouth are factors that should be considered in selecting distributors
• Base on the scale of cold storage equipment, the manufacturer select supermarket to sell its products Customer development • The assembler visits the 4S stores regularly, and provides suggestions about how to improve their service quality • 3-4 days meeting is held regularly to exchange information about quality issues with customers and introduce new drugs to help them know well about the products
• During new product development, the brand owner develops product concept, function, mold and packaging design, while the manufacturer's R&D develops the electronic component design.
• The manufacturer has established 'customer complains management' and 'customer satisfaction management' system.
Through these system, the manufacturer knows more about customers' needs and keeps on improvement accordingly.
Learning from customer • The exhaust system supplier employs a 'customer input' mode to develop products, that is, in the product development process, the supplier works with the assembler and develops new product as it requires.
• Due to the intellectual property issues, the manufacturer do not cooperate with customers in R&D.
• In product development process, the manufacturer will ask for information (e.g., taste, content of fruit, package, etc.) from retailers.
• Eight customer's QA staffs are sent to the manufacturer for monitoring the production process.
Similar to supplier development, customer development refers to the focal manufacturer's efforts to improve its customers' capabilities for the long-term mutual benefit of both parties. This kind of efforts can be manifested as providing customers suggestions about how to get improved like what the automobile supply chain is doing, providing information about products and quality issues like what the pharmaceutical supply chain is doing, or educating customers about how to store the products as the practices in the food supply chain.
Product recall system
An effective SCQM system should also include a product recall system. As a follow-up reaction to product defects, product recalls serve as not only a recovery measures for product failure, but also a feedback system for improvement in the future, because companies will learn from recalls. In a product recall, there are several problems that should be solved: how to identify the source of defects, how to manage recalls, and how to reduce the negative effect of recalls.
To solve the first problem, tracking and tracing system should be established throughout the supply chain, as advocated by some researchers (Kumar and Schmitz, 2011; Roth et al., 2008) . The tracking or tracing systems can be divided into two categories: one minimises the number of potential sources of deficiencies in backward tracing, and the other one keeps the number of potentially affected products in forward tracing as small as possible (Zhang et al., 2011) .
We also observed that each of the four supply chains has done a lot of work to ensure tracking and traceability. In the automobile supply chain, the tracking and trace system is quite mature. So far, for the upstream, it can trace back to each smallest unit of components, such as each a single wire. For the downstream, it can trace the flow of each car to the final consumers. The pharmaceutical supply chain is also doing well with help of the SFDA. The nation-wide information system built by SFDA requires each movement of each smallest unit of drugs to be recorded. In addition, before production, information related to the drug should be registered, such as the ingredients and the source of each ingredient, etc. Therefore, with the help of the information system, the pharmaceutical supply chain can trace the source of raw materials. However, for the downstream tracking system, it can only reach the hospital or clinic level rather than the final consumer level. In the food supply chain, there are several methods to increase the tracking and traceability. For the upstream tracing, they use ear tags of each cow to track the drug and the feeds that the cow has. They also keep records of all sample-testing results from milking to production. Therefore, when a quality problem is detected, it can be traced back to each cow. For the downstream tracking, it can reach the supermarket or retail stores level, but not the final consumer. However, based on our observation, the toy supply chain does worst among the four supply chains, because it has just tried to build up the tracking and traceability system after the Mattel recall event. Table 8 Cross-case analysis on product recall system
SCQM components
Automobile Pharmaceutical
Food
Toy
• National-wide information system ensures the traceability
• In the farm, each cow has unique ear tag to track the drug and the feeds it has
• An unique code is given to each component/part from each supplier • The code of each the smallest unit of drugs should be scanned before each movement, so that the information can be stored in the information system
• For the automotive wiring harness, it can be traced back to each wire level, and the information includes when it is produced, which equipment is used in the production process, who is the front-line worker for this wire, and who is the designer • All the drugs should be registered before production and the information registered includes the ingredients, the suppliers for each raw materials or ingredients
Product recall system
Tracking and traceability • When any problems found, the assembler can quickly identify the affected consumer, since it has a system to record the sales information • If the manufacturer wants to change any supplier, they should be registered. Otherwise, the supplier cannot be used
• So far, the manufacturer can trace the quality problem back to the cow level
• After the large scale toy recalls due to the high lead content, the manufacturer implemented traceability of paints from usage, storage, inspection results on heavy metals tests, supplier certificates to suppliers' usages of its raw materials
• The Assembler is proactive to recalls, and it collects information about quality through multiple channels • The manufacturer proactively recall the product, even though there will be huge negative effect for the manufacturer
• The manufacturer once recalled the product only due to the water content Proactiveness • The assembler recalled product after they saw complaints in the internet • All the recalls were issued before any consumer health problem reported
• By analysing the complaints from customers which is collected by the customer complaint management system, the manufacturer monitors any potential quality problems
• When the automobile found with defects, the manufacturer will replace or repair the defective parts for free
Compensation
• The manufacturer provides spare cars for the affected customer for substitution
• If there is quality problem, the compensation made to consumers based on the negotiation, but usually it will be 1-10 times of the price Top management commitment • In recalls, manufacturer will form a team leaded by the vice president to take charge of the recall process
• The manager of the manufacturer emphasises quality, since it is crucial to the survival of the company
• The president of the manufacturer treats quality issues seriously, especially after recall Mattel
To mitigate the negative effects of a recall, and recover promptly from the crisis, the company should caution about its response to product defects. Therefore, we observed that companies are proactive in monitoring and handling the quality problems. For example, the automobile assembler keeps on collecting information about quality complaints through multiple channels and it once recalled the product after they saw complaints from the internet. The pharmaceutical manufacturer is also very proactive in recalls, even though there will be huge negative effects for the manufacturer. They once recalled the product only due to the water content.
Compensation is also a strategy that companies may use in a recall. For instance, when an automobile model is found with defects, the manufacturer will replace or repair the defective parts for free and also provide spare cars for some affected customer, when the cars are in repair. The compensation provided by the food manufacturer is based on negotiations with the affected consumers. It can be 1-10 times retail price.
Finally, to manage product recalls effectively, top management should get involved in this process. For this reason, when there is a recall, the automobile assembler will form a team led by the vice president, to take charge of the whole recall process.
The summary of cross-case analysis on product recall system was showed in Table 8 .
Definition of SCQM and its framework
Based on the results of within and cross-case analysis, we found that an effective SCQM system is composed of six components: supply chain leadership on quality, strategic supply chain design for quality, upstream quality management system, downstream quality management system, internal quality integration and product recall system. In addition, SCQM is a holistic management system to improve quality. Without anyone of the six components, the system will not work effectively. Therefore, we proposed the definition of SCQM as "a holistic management system to improve quality, which includes supply chain leadership on quality, strategic supply chain design for quality, upstream quality management system, downstream quality management system, internal quality integration and product recall system". SCQM is different from the traditional QM, because SCQM has a much broader scope. Firstly, SCQM emphasises supply chain leadership on quality and strategic supply chain design for quality, which have not been considered in tradition QM. Secondly, even though the tradition QM has talked about the importance of involving suppliers, but this involvement is mainly in the product design stage. However, learning from supplier can take place not only in the product design, but also in any other aspects, such as training and providing the most advanced knowledge. Thirdly, in the downstream management system, SCQM is different from traditional QM by including customer selection, customer development and learning from customer, rather than just customer focus in the traditional QM. Finally, the traditional QM only focuses on improve quality in the forward supply chain, that is, provide high quality product for consumers. Nevertheless, it has neglected the importance of reverse process-product recall. In SCQM, product recall is an importance and necessary component.
According to the case analysis results and the definition of SCQM above, we propose the holistic SCQM framework ( Figure 5 ). In the framework, from top to bottom, it indicates an organisation's decisions from strategic level to operational level. On the top of the framework, it is supply chain leadership on quality, which means companies should first make decisions on the leadership throughout the supply chain before they even form the supply chain network. Usually, they have two choices -serve as either a supply chain leader or a follower. Some companies want to be the leader of the supply chain to increase the control and influence on the other supply chain partners, which in turn can help them improve the supply chain quality performance. However, other companies would be content to be the follower to reduce the responsibility in the supply chain and shift risk to leaders. What the decision would be depends on the resource they possess and the capability of the company. This decision indicates what type of supply chain partners would be chosen and sets the fundamental key of the supply chain. In the middle of the framework is strategic supply chain design for quality, which requires the focal company to consider the quality issues when designing a supply chain. In this layer, the structure/network of the supply chain and the roles played by the organisation in its supply chain will be decided. Therefore, it will form a picture of the whole supply chain, which will guide the practices in the operational level.
In the operational level, SCQM goals would be realised by an effective upstream and downstream quality management system and product recall system. Moreover, these are facilitated by internal quality integration, since none of these three can be achieved by only one department/function.
In addition, based on the contingency theory, management practices adapt with the external environment (Fisher, 1997; Ketokivi and Schroeder, 2004) . Scholars also found the importance of contingency theory in the success of traditional QM. For example, by analysing the data from service industry, Zhao et al. (2004) found that the pattern of the QM system changed with the organisational context including organisational size, international competitive hostility, environment uncertainty and perceived importance of quality. The results of Zhang et al.'s (2012) study showed that both internal fit (between quality practices and organisational structure) and external fit (between quality practices and environmental uncertainty) influence the effectiveness of quality practices on performance.
Similarly, SCQM system should also be consistent with its environmental factors. After reviewing the four supply chains that we studied, three factors (at the corner of the triangle) were identified: supply chain competition environment, government regulations and characteristics of the supply chain.
Supply chain competition environment refers to the extent of competition intensity in the market, which is determined by the number of competitors, the availability of resource, obstacle for new entry, etc. In a fierce competition market, price will be a dominating issue; therefore, supply chain partners should make trade-off between price and quality. However, in a market dominated by few players, supply chain partners have enough time and resources to build up and maintain their SCQM system, which in turn will increase the obstacle for potential entries, since an effective SCQM system cannot be accomplished in a short time. For example, in the automobile industry, the competition in the market is dominated by only a few large manufacturers, and the manufacturer make great efforts to improve its SCQM system, while in the toy industry, the manufacturers are experiencing fierce competition, so their major concern is cost rather than quality.
Another external factor that can influences the SCQM system is government regulations on quality control and product recalls. In the automobile industry, due to mature government regulations, companies have setup effective product recall system. In the pharmaceutical industry, government requires the traceability of each smallest unit of product, and sets up the information system for this. Therefore, these two SCQM systems are better than that of food and toy industries, which do not have mature government regulations.
In addition, SCQM system should be consistent with the supply chain characteristics. For example, in the supply chain with high value product (automobile and pharmaceutical), supply chain partners would be more willing to control quality throughout the supply chain due to the high internal and external failure cost. However, in the low product value supply chain (toy and food), because of the low profit margin, supply chain partners prefer cost reduction to quality improvement, since high quality is usually related to a higher cost.
Conclusions and discussion
This study strived to enrich the theory of SCQM. After the case study, we identified the components of SCQM and proposed the definition of SCQM and a holistic framework of SCQM based on literature and observations in the case interview.
This study made contributions both theoretically and practically. Theoretically, compared with the existing research, the components identified in this study were more comprehensive, which can enrich the understanding of SCQM. It will advance the empirical research in the future, since it can facilitate the operationalisation of the construct and help to develop a high quality measurement scale. Moreover, since the dimensions were identified by case studies, it will help the theoretical studies make more meaningful managerial insights. Practically, the SCQM framework proposed in this study will provide guidelines for the managers to build up an effective SCQM system. In this study, only four supply chains were studied. The small sample size prevented us generate a better understanding of the phenomenon and limited the robustness of the framework that we proposed. It was the major limitation of the study. However, limitations also provide the opportunities for future research. For example, for each industry, we can collect data from multiple supply chains and make comparison within each industry. Moreover, we can also study other industries.
